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[s7] ' ABSTRACT 

A vibration isolation apparatus comprises a ?rst auxil 
iary ?uid chamber communicating through a ?rst re 
stricted path with a main ?uid chamber and a second 
auxiliary ?uid chamber communicating through a sec 
ond restricted path with the main ?uid chamber. The 
second restricted path has electrode plates whose 
power supply condition is controlled by a control unit. 
Further, an electric viscous ?uid is ?lled in the main 
?uid chamber, the ?rst and second auxiliary ?uid cham 
bers, and the ?rst and second restricted paths. When 
shake vibration is generated, the electrode plates are 
energized by the control unit so that none of the electric 
viscous ?uid ?ows through the second restricted path. 
The electric viscous ?uid causes a resonance of the 
?uid, and has ?ow resistance in the ?rst restricted path 
to absorb the shake vibration. Idle vibration sets the ?rst 
restricted path in the loading condition to prevent the 
electric viscous ?uid from ?owing through the re 
stricted path. On the other hand, the electric viscous 
?uid ?ows through the second restricted path so thata 
resonance of the ?uid is caused in the second restricted 
path to decrease the dynamic spring constant and ab 
sorb the idle vibration. 

10 Claims, 16 Drawing Sheets 
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FIG. 4 
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VIBRATION ISOLATION APPARATUS 

BACKGROUND OF THE INVENTION 

1. Field of thelnvention 
The present invention relates to a vibration isolation 

apparatus provided between a vibration producing por 
tion and a vibration receiving portion in machinery 
such as vehicles, general industrial machinery and so 
on, to absorb vibration from the vibration producing 
portion. a 

2. Description of the Related Art 
A vibration isolation apparatus is used in a vehicle as 

an engine mount between an engine and a vehicle body 
for absorbing vibration generated by the engine. This 
type of vibrationisolation apparatus is equipped with a 
vplurality of ?uid chambers which can expand and con 
tract and are connected by restricted paths. In the vibra 
tion isolation apparatus, vibration of the engine trans 
mitted to one of the ?uid chambers causes the ?uid to be 
displaced into the other ?uid chamber. The displace 
ment of the ?uid meets with a ?ow resistance so that the 
vibration is absorbed. 
The engine vibrates in various modes of vibration. 

For example, a shake vibration is generated when the 
vehicle is traveling at speeds of about 70 to 80 km/hr, 
and an idle vibration is generated when the engine idles. 
Frequency range of the idle vibration is 20 to 40 Hz 
while that of the shake vibration is 8 to 15 Hz. There 
fore, vibration frequencies at different vibration modes 
of the engine vary. 
A conventional vibration isolation apparatus, how 

ever, can only be effective in a speci?c range of vibra 
tional frequency whichv is determined by the sectional 
area and length of a restricted path of the device, and 
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may not be effective for absorbing vibration in a fre- . 
quency range other than the speci?c range. Therefore, 
the conventional vibration isolation apparatus does not 
effectively absorb idle vibration when the device is 
adjusted for effective absorption of shake vibration. 
Conversely, it does not effectively absorb shake vibra 
tion when the device is adjusted for effectiveabsorption 
of idle vibration. 

SUMMARY OF THE INVENTION 

In view of the facts set forth above, it is an object of 
the present invention to provide a vibration isolation 
apparatus which can effectively absorb vibrations of a 

’ wide range of frequencies. 
The vibration isolation apparatus of the present in 

vention comprises a ?rst cylindrical member connected 
to one of a vibration producing portion and a vibration 

40 

2 
?uid which is ?lled in the above-mentioned main ?uid 
chamber, the first auxiliary ?uid chamber, and the sec 
ond auxiliary ?uid chamber, and whose viscosity varies 
according to an electric ?eld intensity applied thereto, 
electrodes arranged on at least one of the above-men-' 
tioned ?rst and second restricted paths to energize the 
above-mentioned electric viscous ?uid. 
According to the present invention, if the electrodes 

are provided only for the ?rst restricted path and a low 
frequency vibration such as a shake vibration is caused, 
the ?uid pressure resistance of the expansion and con 
traction means which forms a partition of the second 
auxiliary ?uid chamber is greater than that of the expan 

' sion and contraction means which forms a partition of 
the ?rst auxiliary ?uid chamber. Therefore, the electric 
viscous ?uid ?ows through the ?rst restricted path, 
resonates and encounters ?ow resistance in the ?rst 
restricted path so that a good damping characteristic 
can be generated so as to absorb the vibration. At this 
time, maximum damping force according to the desired 
frequency can be obtained by adjusting the magnitude 
of ‘the power supply (the applied voltage), which may 
be 0, to the above-mentioned electrodes. 

Further, when a high frequency vibration such as an 
idle vibration is caused, the ?rst restricted path is set in 
the loading condition regardless of the condition of the 
power supply of the electrodes. Thus the electric vis 
cous ?uid does not ?ow through the ?rst restricted 
path. Accordingly, the second expansion and contrac 
tion means which forms the second auxiliary ?uid 
chamber expands and contracts while pressure increases 
in the main ?uid chamber, so that the electric viscous 
?uid ?ows through the second restricted path. As a 
result, the electric viscous ?uid causes resonance of the 
?uid in the second restricted path to decrease the dy 
namic spring constant and absorb the vibration. 
According to the present invention, if the electrodes 

are provided only for the second restricted path and a 
low frequency vibration such as a shake vibration is 
caused, the above-mentioned electrodes are energized. 

' Consequently, the electric viscous ?uid does not ?ow 
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receiving portion, a second cylindrical member con- , 
nected to the other of the vibration producing portion 
and the vibration receiving portion, a main ?uid cham 

I ,ber provided between the ?rst and second cylindrical 
members and expanding and contracting by vibration, a 
?rst auxiliary ?uid chamber communicating through a 
?rst restricted path with the main ?uid chamber, a ?rst 
expansion and contraction means forming a part of a 
partition of the‘?rst auxiliary ?uid chamber, a second 
auxiliary ?uid chamber communicating with the main 
?uid chamber through a second restricted path having a 
flow resistance less than that of the ?rst restricted path, 
a second expansion and contraction means forming a 

55 

through the second restricted path. As a result, the 
electric viscous ?uid ?ows through the ?rst restricted 
path, resonates and encounters ?ow resistance in the _ 
?rst restricted path so that a good damping characteris 
tic can be generated so as to absorb the vibration. 

Furthermore, when high frequency vibration such as 
an idle vibration is caused, the above-mentioned elec 
trodes are not energized. In this case, the ?rst restricted 
path is set in the loading condition so that the electric 
viscous ?uid does not flow through the ?rst restricted 
path. Accordingly, the second expansion and contrac 
tion means which forms the second auxiliary ?uid‘ 
chamber is expands and contracts while pressure in 

‘ creases in the main ?uid chamber, so that the electric 
viscous ?uid ?ows through the second restricted path. 

A As a result, the electric viscous ?uid causes a resonance 
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as 
part of a partition of the second auxiliary ?uid chamber, ‘ 
having a larger ?uid pressure resistance than the ?rst 
expansion and contraction means, an electric viscous 

of the ?uid in the second restricted path to decrease the 
dynamic spring constant and absorb the vibration. Ad 
ditionally, in this case,‘the resonancecharacteristic can 
be slightly varied by applying a very small voltage to 
the above-mentioned electrodes. 
According to the present invention, if the electrodes 

are respectively provided for the ?rst and second re 
stricted paths and a low frequency vibration such as a 
shake vibration is caused, at least the electrodesof the 
second restricted path are energized. Therefore, the V 
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electric viscous ?uid does not ?ow through the second 
restricted path. Consequently, the electric viscous ?uid 
?ows through the ?rst restricted path, causes a reso 
nance of the ?uid and encounters ?ow resistance in the 
?rst restricted path so that a good damping characteris 
tic can be obtained so as to absorb the vibration. At this 
time, maximum damping force according to the desired 
frequency can also be obtained by adjusting the magni 
tude of the power supply (the applied voltage), which 
may be 0, to the electrodes of the ?rst restricted path. 

Further, when a high frequency vibration such as an 
idle vibration is caused, at least the electrodes of the 
second restricted path are not energized. In this case, 
the ?rst restricted path is set in the loading condition 
regardless of the condition of the power supply of the 
electrodes of the ?rst restricted path. Thus the electric 
viscous ?uid does not ?ow through the ?rst restricted 
path. Accordingly, the second expansion and contrac 
tion means which forms the second auxiliary ?uid 
chamber expands and contracts while pressure increases 
in the main ?uid chamber, so that the electric viscous 
?uid ?ow through the second restricted path. As a 
result, the electric viscous ?uid causes a resonance of 
the ?uid in the second restricted path to decrease the 
dynamic spring constant and absorb the vibration. Ad 
ditionally, in this case, the resonance characteristic can 
be slightly varied by applying a very small voltage to 
the electrodes of the second restricted path. 
As can be understood from the above discussion, the 

vibration isolation apparatus of the invention has a supe 
rior effect in that the device can effectively absorb 
vibrations with different frequencies. 

BRIEF DESCRIPTION OF THE DRAWINGS 

FIG. 1 is a sectional view taken along line 1-1 of 
FIG. 2, illustrating a ?rst embodiment of a vibration 
isolation apparatus of the present invention; 
FIG. 2 is a sectional view taken along line 2-2 of 

FIG. 1, illustrating the ?rst embodiment of the vibration 
isolation apparatus of the present invention; 
FIG. 3 is an exploded perspective view illustrating 

the ?rst embodiment of the vibration isolation apparatus 
of the present invention (with an ori?ce member shown 
in section at an intermediate position); 
FIG. 4 is a perspective view illustrating overall con 

struction of the vibration isolation apparatus with a 
bracket mounted on an outer cylinder; 
FIG. 5 is a sectional view corresponding to FIG. 1, 

illustrating a second embodiment of a vibration isolation 
apparatus of the present invention; 
FIG. 6 is a sectional view corresponding to FIG. 1, 

illustrating a third embodiment of a vibration isolation 
apparatus of the present invention; 
FIG. 7 is a sectional view taken along line 7-7 of 

FIG. 8, illustrating a fourth embodiment of a vibration 
isolation apparatus of the present invention; 
FIG. 8 is a sectional view taken along line 8-8 of 

FIG. 7, illustrating the fourth embodiment of the vibra 
tion isolation apparatus of the present invention; 
FIG. 9 is an exploded perspective view illustrating 

the fourth embodiment of the vibration isolation appa 
ratus of the present invention; 
FIG. 10 is a sectional view corresponding to FIG. 1, 

illustrating a sixth embodiment of a vibration isolation 
apparatus of the present invention; 
FIG. 11 is a sectional view corresponding to FIG. 1, 

illustrating a sixth embodiment of a vibration isolation 
apparatus of the present invention; 
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4 
FIG. 12 is a sectional view taken along line 12-12 of 

FIG. 13, illustrating a seventh embodiment of a vibra 
tion isolation apparatus of the present invention; 
FIG. 13 is a sectional view taken along line 13—-13 of 

FIG. 12, illustrating the seventh embodiment of the 
vibration isolation apparatus of the present invention; 
FIG. 14 is an exploded perspective view illustrating 

the seventh embodiment of the vibration isolation appa 
ratus of the present inverition; 
FIG. 15 is a sectional view corresponding to FIG. 1, 

illustrating an eighth embodiment of a vibration isola 
tion apparatus of the present invention; and 
FIG. 16 is a sectional view corresponding to FIG. 1, 

illustrating a ninth embodiment of a vibration isolation 
apparatus of the present invention. 

DESCRIPTION OF THE PREFERRED 
EMBODIMENTS 

FIGS. 1 to 4 show a ?rst embodiment of a vibration 
isolation apparatus 10 of the present invention. 
As shown in FIG. 2, the vibration isolation apparatus 

10 has an inner cylinder 12, serving as a ?rst cylindrical 
member, and an outer cylinder 14, serving as a second 
cylindrical member, which are arranged such that their 
axes extend in the same direction. In the ?rst embodi 
ment, the inner cylinder 12 is connected to an engine 
serving as a vibration producing portion via a bracket 
(not shown). The outer cylinder 14 is connected via a 
bracket 15 to a vehicle body (not shown) serving as a 
vibration receiving portion. 
As shown in FIG. 3, an intermediate cylinder 16 is 

arranged between the inner cylinder 12 and the outer 
cylinder 14 coaxially with the outer cylinder 14. Large 
diameter portions 16A and 16B, which have enlarged 
diameters and are ring-shaped, are formed at both axial 
ends of the intermediate cylinder 16. Grooves are 
formed in the circumferential direction on outer periph 
eries of the large diameter portions 16A and 16B. 0 
rings 17 are accommodated in the grooves to ensure 
reliable sealing between the intermediate cylinder 16 
and the outer cylinder 14 into which the intermediate 
cylinder 16 is inserted. 
The intermediate portion in the axial direction of the 

above-mentioned intermediate cylinder 16 is de?ned as 
a small diameter portion 18 having a reduced diameter. 
The small diameter portion 18 has a plane portion 18A, 
which is provided along a tangent line as a part of the 
small diameter portion 18, and a notch portion 18B, 
which is formed on the side opposite to the plane por 
tion 18A with respect to the inner cylinder 12, as shown 
in FIG. 2. Furthermore, arc portions 18C, 18D are 
formed between the plane portion 18A and the notch 
portion 18B of the small diameter portion 18. A main 
rubber body 20 serving as an elastic body is provided 
between the inner cylinder 12 and the intermediate 
cylinder 16. The main rubber body 20 is bonded by 
vulcanization to both an outer periphery of the inner 
cylinder 12 and an inner periphery of the intermediate 
cylinder 16. ' 

As shown in FIGS. 1 and 2, the main rubber body 20 
has a notch portion 20A which is concave toward the 
inner cylinder 12. A partition plate 24 which is substan 
tially hat-shaped in section, is provided in the notch 
portion 20A as shown in FIG. 1. Flange portions 248 of 
the partition plate 24 are rigidly ?xed between step 
portions 18F, provided on the small diameter portion 18 
of the intermediate cylinder 16, and the outer cylinder 
14. Therefore, the notch portion 20A and the partition 
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plate 24 de?ne a main ?uid chamber. 26. The main ?uid 
chamber 26 is ?lled with electric viscous ?uid 28. Fur-, 
ther, as shown in FIG. 3, an opening portion (a concave 
portion) 24C is provided at one end of the partition 
plate 24 in the peripheral direction. 
As shown in FIG. 2, a thin rubber membrane 30 is 

bonded by vulcanization to the inner periphery of the 
outer cylinder 14. A part of the thin rubber membrane 
30 is not bonded by vulcanization to the inner periphery 
of the outer cylinder 14 and forms a diaphragm 34 serv 
ing as a ?rst expansion and contraction means. Addi 
tionally, a rubber membrane 32 serving as a second 
expansion and contraction means is formed such that, as 
in the case of the diaphragm 34, it is not bonded by 
vulcanization on the inner periphery of the outer cylin 
der 14 on the side opposite to the diaphragm 34 with 
respect to the inner cylinder 12. The rubber membrane 
32 is formed to be thicker than the‘ diaphragm 34 so as 
to ensure greater pressure resistance to the ?uid. 
As shown in FIGS. 2 and 3, a member for ori?ce 40, 

which is formed of an insulator such as a synthetic resin 
and is substantially C-shaped, is arranged on the outer 
periphery of the small diameter portion 18 of the inter 
mediate cylinder 16. The intermediate portion of the 
member for ori?ce 40in the peripheral direction de?nes 
a plane portion 40A contacting with the plane portion 
18A of the small diameter portion 18. From both side 
portions of the plane portion 40A, arc portions 40B, 
40C are formed and contact with the arc portions 18C, 
18D of the above-mentioned small diameter portion 18. 
A ?rst auxiliary ?uid chamber 36 is formed as shown in 
FIG. 2 by the diaphragm 34, the partition plate 24, and 

s the arc portion 40C of the ori?ce member 40. The ?rst 
auxiliary ?uid chamber 36 is also ?lled with electric 
viscous ?uid 28 as in the case of the main ?uid chamber 
26.'Further, an air chamber 38, formed between the 
diaphragm 34 and the outer cylinder 14, allows expan 
sion of the diaphragm 34. The air chamber 38 may , 
communicate with outside air through communication 
means such as a hole which is provided in the outer 
cylinder 14 which serves as a part of the partition of the 
air chamber 38. 
A second auxiliary ?uid chamber 44 is ‘formed by the 

plane portion 40A of the ori?ce member 40 and the 
above-mentioned rubber membrane 32 on the side op 
posite to the ?rst auxiliary ?uid chamber 36 with re 
spect to the inner cylinder 12. The second auxiliary 
?uid chamber 44 is ?lled with the electric viscous ?uid 
28 as in the case of the main ?uid chamber 26. Addition 
ally, an air chamber 42is formed between the rubber 

' membrane 32 and the outer cylinder 14. The air cham 
ber 42 may be connected to outside air through commu 
nication means such asa hole which is provided in the ., 
outer cylinder 14 which serves as a part of the partition 
of the air chamber 42. 
As shown in FIGS. 2 and 3, two paths 46, 48 are 

I provided in the above-mentioned member for ori?ce 40. 
The path 46, as shown in FIG. 2, passes through the 
ori?ce member 40 through‘ the arc portion 40B, the 
plane portion 40A, and the arc portion 40C in a substan 
tial C-shape. Moreover, the path 46 is connected to the 
main ?uid chamber 26 through an opening portion 46A 
which is longitudinally formed at one end of the path 
46, and to the ?rst auxiliary ?uid chamber 36 through an 
opening portion 46B which is longitudinally formed at 
the other end of the path 46. The sectional area of the 
path 46, as shown in FIG. 1,. is considerably smaller 
than that of the path 48 so as to increase the ?ow resis 
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6 
tance. Thus, the path 46 is de?ned as a shake ori?ce 50 
serving as a ?rst restricted path. The above-mentioned 
path 48,which is formed on a part of the arc portion 
40B and the plane portion 40A of the member for ori?ce 
40, is connected to the main ?uid chamber 26 through 
an opening portion 48A which is longitudinally formed 
at one end of the path 48. Moreover, the path 48 is 
connected to the second auxiliary ?uid vchamber 44 
through an opening portion 48B which is longitudinally 
formed at the other end of the path 48. Accordingly, the 
path 48 is de?ned as an idle ori?ce 52 serving as a sec 
ond restricted path. _ 
As shown in FIG. 1, electrode plates 54, 56 are 

mounted on both side surfaces of the path 48 such that 
they are opposed to each other and are connected 
through conductive lines 54A, 56A to a control unit 
100. In this embodiment, the electrode plates 54, 56 are 
set respectively as positive and negative electrodes. The 
electric viscous ?uid 28 may be a mixture which, for 
example, consists of 40 to 60 wt % of silicic acid, 30 to 
50 wt % of a low-boiling point organic phase, 50 to 10 
wt % of water, and 5 wt % of a dispersion medium. For 
example, an isododekan can be used as the electric vis 
cous ?uid 28. This electric viscous ?uid has not only 
normal viscosity of the ?uid in ?uid pressure resistance 
when theelectric viscous ?uid is not energizedthrough 
the electrodes, but also has a distinctivecharacteristic in 
that the viscosity of the ?uid is varied to be solidi?ed 
according to the strength of the electric ?eld when the 
electric viscous ?uid is energized. 
The operation of the ?rst embodiment of the present 

invention will be described. 
The outer cylinder 14 is connected through the 

bracket 15 to the body of the vehicle (not shown), and 
the inner cylinder 12 is connected through a bracket 
(not shown) to the engine. Due to the weight of the 
vehicle engine, the inner cylinder 12 causes the main 
rubber body 20 to deform elastically, and the main rub 
ber body \20 moves downward relative to the inner 
cylinder 12 in the state shown in FIG. 1 so that the inner 
cylinder 12 and the outer cylinder 14 are substantially 
coaxial. l . 

, Shake vibration of a comparatively low frequency, 
e.g., about 8 to 15 Hz, and a comparatively large ampli 
tude, e.g., about :1 mm, is generated when the vehicle 
is traveling at speeds of 70 to 80 km/hr. At this time, the 
control unit 100 energizes the electrode plates 54, 56, 
which are provided in the idle ori?ce 52, in order to 
increase the viscosity of the electric viscous ?uid 28 
through the idle ori?ce 52. As a result, the electric 
viscous ?uid 28 is prevented from ?owing through the 
idle ori?ce 52. Accordingly, the electric viscous ?uid 28 
?ows only through the shake ori?ce 50, causes a reso 
nance of the electric viscous ?uid 28 and has ?ow resis 
tance in the shake ori?ce 50 so as to absorb the shake 
vibration. ' 

Next, idle vibration of comparatively high frequency, 
e.g., about 20 to 40 Hz, and comparatively small ampli 
tude, e.g., about 10.3 mm, is generated when the en 
gine idles or the vehicle is traveling at a speed of about 

_ ,5 lam/hr. At this time, the shake ori?ce 50 with the small 
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sectional area is set in the loading condition due to the 
idle vibration regardless of the condition of the power 
supply of the electrode plates 54, 56 of the idle ori?ce 
52. Thus, the electric viscous ?uid 28 does not ?ow 
through the shake ‘ori?ce 50.‘ Accordingly, pressure 
becomes high in the main ?uid chamber 26 so that the 
electric viscous ?uid 28 ?ows through the idle ori?ce 52 










